A radioactive isotope dilution technique, in which two radioactive tracers were used simultaneously, was employed to investigate the nature of the hepatic arterial vascular bed or arterial vascular "space" in 22 isolated perfused canine livers. The technique continuously monitored the blood leaving the liver for radioactivity so that no assumptions had to be made regarding the representative nature of samples. The concept of an arterial vascular space was defined in terms of the mean circulation time of labeled red cells through the perfused organ, and the variation of this parameter with variations in arterial flow was considered; agreement with other published work was shown. The experiments on the size of the arterial vascular space showed a linear relationship between the arterial fraction of the blood occupying the total hepatic vascular bed and the arterial fraction of the total hepatic blood flow. The evidence from these experiments supported the idea that the artery and the portal vein share a large proportion of the total hepatic vascular bed.
• The dual nature of the afferent supply of blood to the liver has given rise to much speculation and research. The role of the portal vein as the main source of nutrients is generally accepted, and McMichael (1) suggested that in the cat, at least, the vessel also supplied a large proportion of the oxygen. There is little agreement over the role of the artery. Experiments involving obstruction (2, 3) have shown the necessity for an arterial supply, but in view of the work of Shilling et al. (4) and Eze (5) it cannot be assumed without further experiments that the main purpose of the artery is to supply oxygen.
Grayson and Mendel (6) and Fischer (7) have suggested that the artery may provide a means of regulating the total blood flow as well as the oxygenation. Rappaport (8) believed that the pulsatile nature of the arterial From the Departments of Physics and Physiology, University of the West Indies, Jamaica.
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Accepted for publication September 10, 1968. flow may provide a means of driving portal flow through the liver, but as ligation of the artery can produce a fall in portal pressure (9) , the hypothesis must be considered with reserve. Brauer (10) and Bradley (11) have reviewed the hepatic hemodynamics and came to no definite conclusions on the role of the artery, though Brauer (12) has adduced evidence in favor of considerable interdependence between the two vessels and considered that some autoregulation of the blood flow is possible. Autoregulation would be of maximal physiological significance only if the artery and vein are able to supply the same territory. Although there is some evidence that the vessels supply different areas (13, 14) , anatomically it would seem "that early mixing of arterial and portal blood is possible (15, 16) .
There have been many qualitative studies on the interaction of the hepatic artery and portal vein but there have been few attempts to measure the proportion of the volume of the liver which is occupied by arterial blood.
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In the experiments described in this investigation measurements were made, by a dilution technique using radioactive isotopes, of the contribution of the hepatic artery to the total volume of circulating blood in a perfused dog liver under conditions of varying hepatic arterial and portal venous flow. Although the experiments were carried out on isolated denervated preparations the results may provide a basis for future investigations on more normal livers.
Methods

Isolation and Pcrfusion of Livers
Experiments were carried out on 22 mongrel dogs of both sexes, weighing between 9 and 14 kg. The dogs were anesthetized with sufficient sodium thiopentone to produce light surgical anesthesia, approximately 40 mg/kg. The operative procedure was basically that of Andrews (17) , in which the circulation of blood or perfusion fluid was maintained throughout.
The perfusion fluid was isologous blood obtained by exsanguinating the dog during the operation; it was diluted with Locke-Ringer's solution. Due to the nature of the perfusion arrangement it was not possible to reduce the volume of the system to less than about 500 ml, including the hepatic vessels. Hematocrit values were usually of the order of 30% to 40% packed cell volume.
The arterial pressure was measured with a mercury manometer from the hepatogastric artery, nearer the liver than the arterial supply cannula. The portal pressure was obtained with a saline manometer set near the portal vein. In all experiments, portal venous and hepatic venous flows were measured by Shipley-Wilson rotameters recording on a Grass polygraph. In the initial experiments the hepatic arterial flow was assumed to be the difference between the portal venous and hepatic venous flows, since all observations were made with steady flows; in later experiments the hepatic arterial flow was also measured with a Shipley-Wilson rotameter, the recording being damped electronically to give the mean flow. No significant difference was found between the calculated and recorded flows in these experiments. It is considered that all flows were measured to within ± 4% accuracy.
Experiments rarely exceeded 120 minutes, and were sometimes considerably shorter. Although partial congestion developed in some experiments, bile secretion continued throughout, and the total blood flow through the liver remained steady during each determination of the mean circulation time.
Measurement of Radioactive Indicator-Dilution Curves
The hepatic venous output from the perfused liver was passed through a shielded scintillation detector unit, which consisted of two photomultiplier assemblies mounted one above the other. The base assembly consisted of a lead castle, in the bottom of which was housed a photomultiplier tube (E.M.I. 9524) and a cathode follower. A plastic scintillator (NE 102) was mounted in optical contact with the photomultiplier tube. This scintillator was designed so that blood could be passed through it via Perspex tubes, which were held firmly in place by rubber O rings. This arrangement was used primarily to detect /? particles.
The upper part of the assembly consisted of a similar photomultiplier and preamplifier arrangement with a sodium iodide, thallium-activated crystal as the scintillating material. This arrangement was used to detect gamma rays. The two photomultiplier assemblies were connected to a two-channel scintillation spectrometer, designed to separate the nuclear spectra of radioactive phosphorus ( 32 P) and radioactive chromium ('iCr).
The outputs from the scintillation spectrometer were displayed on a two-channel, permanentmagnet, moving-coil type of chart recorder. The paper speed employed throughout the experiments was 6 in./min. With the equipment working under optimum conditions the separation between the counts for the two isotopes was better than 99.5%. No correction was made of the measurements for any possible interference contribution.
Preparation of Radioactive Labeled Red Cells
Before preparation of the isolated perfused canine liver began, two 5-ml samples of blood were withdrawn from the dog.
Erythrocytes labeled with D1 Cr were prepared from the first sample (18) . The cells were resuspended in a plasma-saline solution to form whole blood with a specific activity of approximately 200 /xc/ml. The second sample of blood was used to prepare erythrocytes labeled with 32 P (19) . The cells were resuspended in chilled plasma-saline solution to form whole blood with a specific activity of approximately 160 /ic/ml.
Experimental Procedure
Various experiments were carried out to examine the effect on the indicator dilution curves of varying the flow rates of the hepatic artery and the portal vein, either singly or together. The curves obtained were analyzed to find the mean circulation time of each supply through the liver.
A small volume (0.2 ml) of 31 Cr-labeled erythrocytes was injected into the arterial supply, and a similar volume of 32 P-labeled cells into the portal supply, or vice versa.
Before each set of injections, the flows through the liver were adjusted and several minutes allowed to elapse for the circulation to become steady. When equilibrium was reached, the hepatic arterial and portal venous pressures were recorded. The hepatic venous pressure was maintained at atmospheric pressure throughout all the experiments. The ratio of arterial to total flow was varied by adjusting the arterial pressure alone, the portal pressure alone, or both pressures simultaneously. The limits under which the artery was operated were from zero flow to a pressure of 200 mm Hg, and the portal vein was operated from zero flow to a pressure of 18 cm H 2 O. The manner in which the ratio was altered did not affect the result. The appropriate injection was then made into the portal vein cannula. The instant of injection was recorded on the pen recorder and on the blood flow recorder. Immediately afterward, the other indicator was injected into the hepatic artery, and the instant of injection was again recorded. On occasion the order of injection was reversed, and the results were identical. Upon completion of each pair of injections and during the next few minutes, flow and pressure were checked to make certain that there was no deviation from the steady state.
The concentrations of radioactive indicators in the hepatic venous outflow were continuously monitored by the radioactive detecting device. When the recording of the indicator-dilution curves had been completed and the complete mixing of the indicators in the system was achieved, the system was considered to have returned to a state in which the injection of indicators could be repeated.
Recirculation occurred in the experiments but at a very late stage of the dilution curves. Corrections were made by extrapolating the downward part of the curves as an exponential. The effect of the correction on the calculated mean circulation times was estimated at less than 0.1% and so it made no significant contribution to the result.
The linearity of the system was tested by measuring the response of the detectors to given quantities of radioactivity introduced into the sensitive region of the counters, under conditions of standard geometry. The system was found to be linear over the range of counting rates investigated. The response time of the system was controlled by the selection of the time constant of the rate meters. This was chosen in each case with the optimum value of 1 second.
It was possible to achieve approximately 15
Circulation Research, Vol. XXIII, November 1968 pairs of injections in each experiment. The curves were smooth and well defined for most of the experiment, but eventually the presence of a-high background count caused the dilution curves to become somewhat ragged and therefore unsuitable for analysis. The background count was, in effect, backed off before each determination, but the presence of a high background level led to an increase in the statistical fluctuations of the recorded curves.
Theory
It has been shown (20) that the following fundamental relationship holds for a closed flow system, that is, one with a single inflow and single outflow: V = F X t, where V is the volume of the vascular bed, F is the rate of flow through the system, and t is the mean circulation time of the indicator through the system. By using this relationship it was possible to calculate, from the indicator-dilution curves and the rate of flow of blood through the system, the volume occupied by the blood flowing through the vascular bed.
The mean circulation time of the indicator was calculated by taking the first statistical moment of the dilution curve, using the instant of injection as the origin. The general theory for a single-input, single-output system could be applied to a many-input, single-output system. The perfused liver could be considered as a system in which there were two inputs and a single output.
Consider that the indicator was injected suddenly into one input, say the portal vein, that the portal venous flow was F n and the hepatic arterial flow was F a , and that the total blood flow through the liver, F t , could be taken as the sum of the portal venous and arterial flows. There would be an experimentally determined mean transit time, t p , for the indicator injected into the portal vein. Then there would be a volume beginning at the point of the injection into the portal vein and proceeding to the point at which the concentration of the indicator was measured, such that V p = F p X l p , where V p is considered as the portal venous "space."
There would also be a volume beginning at the arterial input, and proceeding to the point 614 FIELD, ANDREWS at which the concentration of the indicator was measured such that Va = F a X t a , where V a is considered as the hepatic arterial space.
The initially calculated values of V p and V a had to be corrected in the usual way for the volume contained in the outflow tube. The total space occupied by the blood flowing through the liver could be considered as the summation of the corrected portal venous space, and the corrected hepatic arterial space. This statement makes no assumptions as to the physical nature of the "spaces" or any spatial relationship between them, and it is true for any system which has two inputs and a single output. The specific problem of the possible arrangements of the hepatic vascular system will be considered in the following section.
As the theory assumed that the blood entered by two routes only and left by a single exit, care was taken to ensure that no leakage occurred from the perfused liver, as this would have invalidated the measurements. The method of indicator dilution assumed that the indicator was completely mixed at the site of injection. To meet this requirement, the injection time was made as rapid as possible, so creating turbulence in the region of injection, and in some instances the injection was made retrograde to the direction of flow, again enhancing the mixing at the site of injection. The advantage of the method described was that the whole outflow was monitored for radioactivity and so no assumption had to be made as to its representation.
Models of the Hepatic Vascular System
To explain the experimental results to be reported in this paper, it is necessary first to consider possible models of the hepatic vascular system and also the theoretical significance of the term arterial space.
A Single-Compartment Model (Fig. la)
The hepatic vascular system can be considered as a single compartment with two inputs and a single output. The inflows are the hepatic arterial flow (F a ), and the portal venous flow (F p ). The outflow (F t ) is the hepatic venous flow into the inferior vena cava. The two inflows are considered to be completely mixed at the inflow point. The volume of the compartment is V t .
As described previously, it is possible to measure simultaneously the arterial space (V a ) and portal venous space (V,,) associated with this system. The following equations give the relationships between the various parameters:
Schematic models of the hepatic vascular system.
where t a and t p are the mean circulation times of the radioactive indicators injected into the artery and vein, respectively. In this model the two mean circulation times must be identical, as they are measured in a common system. It follows from the above equations that
Hence, the single-compartment model predicts that the fractional arterial space is directly proportional to the fractional arterial flow, with the theoretical regression line passing through the origin. The predictions of this model are only in partial agreement with the Circulation Research, Vol. XX11I, November 196R VARIATION OF THE HEPATIC ARTERIAL "SPACE 1 615 experimental results. It is of interest to note in this model that if the total vascular space, V t , increases or decreases in size to some new value and the relationship between the flow rates remains unaltered when steady-state conditions are achieved, then the ratio of V a /V, will remain unaltered, as it is a function of the flow rates only. (Fig. lb) The first model assumed the extreme condition that the blood entering via the hepatic artery and portal vein shared a common space. The other extreme condition is that the hepatic artery and portal vein supply entirely separate compartments, which only merge at the outflow. If the same symbols as in the previous model are used, the stated equations are still valid. However, in this case the two mean circulation times are not in general equal, as they do not describe a common system. If the arterial compartment is considered to be restricted to a constant value, and similarly the portal venous compartment, then the fractional arterial space must be a constant. In this case, the two-compartment model predicts that the fractional arterial space is independent of the fractional arterial flow. The predictions of this model are in disagreement with the experimental results.
A Two-Compartment Model
It is of interest to note that if the sizes of the arterial and portal venous compartments are dependent on inflow rate in such a way that the mean circulation time through both compartments is always equal, then the twocompartment model becomes experimentally indistinguishable from the one-compartment model.
A Three Compartment Model (Fig. lc)
In this model the hepatic vascular system is considered to consist of three separate vascular spaces. The vascular space supplied solely by the artery is designated as a, that by the portal vein alone TT, and the space which is common to the blood from both the vein and the artery as y. It is assumed that the blood entering the common space is completely mixed at the point of entry to the space. The mean circulation time (ty) through Circulation Research, Vol. XXIU, November 1968 the vascular space, y, is therefore the same for both the arterial and portal venous blood. A further assumption in the model is that the proportion of the total vascular space represented by any one of the three specified spaces remains constant even if the total vascular space changes.
From the model, the total vascular space in the liver (V t ) can be represented as V t = a + ir + y. The space occupied by blood entering from the hepatic artery (V a ) is given by The space occupied by blood entering from the portal vein (V p ) is given by V p = 7j-+ ^s-y.
It follows from the first two of these equations that
The three-compartment model therefore predicts that a linear relationship exists between the fractional arterial space and the fractional arterial flow and that the constants of the linear equation can be expressed in terms of the vascular spaces proposed in the model. The theoretical regression line does not in general pass through the origin and the intercept of the line with the ordinate axis represents the fraction of the hepatic vascular space supplied solely by the artery. It should be pointed out that an independent increase in the size of the specific arterial space for an increase in the arterial flow rate, might affect the coefficients of the linear equation. However if the common space, y, is much larger than the specific arterial space, a, and the specific portal space, TT, it will be difficult to resolve experimentally appreciable changes in a. This model is consistent with the experimental results.
Significance of the Term Arterial Vascular Space
The concept of an arterial vascular space has been defined as the product of the arterial inflow (F a ) and the mean circulation time (tn), through the hepatic vascular pathways, of an indicator entering via the hepatic artery. The interpretation of the arterial vascular space as a definitely bounded volume or specific anatomic vascular area is invalid. The vascular space, measured in the way described, has only the dimensions of volume and cannot be ascribed to a specific spatial interpretation. This statement can be illustrated by considering the single-compartment model. In this model the arterial vascular space has been shown to be given by the expression
The interpretation of the arterial vascular space is, therefore, that it is the fraction of the blood contained in the volume, V t , supplied by the arterial input and, as such, no specific part of the compartment can be applied to it. It is important in the present experiments not to assign a bounded anatomic interpretation to the measured values of the hepatic arterial vascular space.
Results
Arterial Pressure-Flow Relationship
The pressure-flow relationship of the arterial system was studied in the isolated perfused canine liver with the portal pressure held constant. Measurements were performed only during the first 120 minutes after start of the perfusion. To enable a comparison between various preparations, tissue perfusion rates were reduced to a common axis. The rate of tissue perfusion (ml/min/kg) via the hepatic artery that yielded a pressure of 100 mm Hg, (Fa) ioo. was set equal to one, and other perfusion rates (F a ) were reduced to the same base by dividing by (F a )1 00 (21) .
A comparison of three separate preparations will serve to indicate the nature of the relationship found in the experiments. The justification of the inclusion of only three perfused livers is that the series of experiments was not designed primarily to study the relationship between arterial pressure and flow. In fact, the three experiments reported in this section were the only ones carried out in which the portal pressure was held constant, while the arterial pressure was altered. Therefore the results of these experiments could be compared. In all the other experiments, the arterial and portal pressures were altered randomly to adjust the hepatic arterial fraction of the total hepatic blood flow to the required value. However, the results of the three experiments have been included to show the agreement Arterial pressure-flow relationship. The ratio of the hepatic arterial flow, (Fa), to the hepatic arterial flow produced by a hepatic arterial pressure of 100 mm Hg, (FJIOO, ^ plotted against the arterial pressure. The three symbols represent three animals. 
Base-Line
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617 between our results for the relationship between the hepatic arterial pressure and flow in the isolated perfused liver and those of other workers, who have worked on isolated liver preparations (21) . Table 1 gives the base-line tissue perfusion rates in the experiments to be considered. The data from these experiments is shown in Figure 2 . A regression line calculated from this graph yielded the following relationship This indicated an almost linear relationship between the parameters over the limited range of pressures studied.
Arterial Space-Flow Relationships
The mean circulation time (t p ) through the liver, for red cells entering via the portal vein was determined from the radioactive indicator-dilution curve, under varying flow conditions. At the same time the mean circulation time (f a ) for red cells entering via the hepatic artery was likewise measured. The data obtained from a typical perfusion experiment is shown in Table 2 , where the figures given for the respective flow rates indicate the good agreement between the measured values for inflow and outflow from the liver. Initial attempts to correlate mean circulation times with the flow rates did not yield any meaningful pattern. However, it was noted that if the hepatic arterial space was considered as a fraction of the total hepatic space, then a relationship could be found between this fraction and the fraction representing the proportion of the total hepatic blood flow supplied by the artery.
The hepatic vascular spaces were calculated from the equation
where V, F, t refer to either the hepatic artery or the portal vein, respectively. Table 3 shows the calculated values of the hepatic vascular spaces. The initially calculated values had to be corrected for the volume contained in the outflow tube, between the point at which it leaves the liver and the detector arrangement. The correction term was found by calculating the fraction of the blood in the outflow tube that had been derived from the afferent vessel under consideration.
In the experiments described, the flow through the outflow tube (F t ) is known. The true mean circulation time through the hepatic vascular network of one of the radioactive indicators is the difference between the overall mean circulation time of that indicator through the entire system (determined from the observed radioactive indicator dilution curve) and the mean circulation time of the same indicator through the outflow tube de- termined independently from the relationship V to,,tflow=pŵ here V o is the volume of the outflow tube and F t is the total outflow from the liver.
As explained previously, if radioactively labeled indicators enter the system via the portal vein and hepatic artery and then pass into a single common compartment, the two mean circulation times through the compartment must be equal. In the present experiments the outflow tube acts an another single compartment in the system, in which the portal venous inflow and hepatic arterial inflow are thoroughly mixed.
The mean circulation time of both the indicators through the outflow tube is therefore given by t ou tflow The corrected value for the hepatic arterial space will therefore be given by V a = F a (t a -t out flow) = F . L -
The initially calculated value of the hepatic arterial space therefore has to be corrected VARIATION OF THE HEPATIC ARTERIAL "SPACE" 619 by subtracting a term obtained from the dimensions of the outflow tube and the rates of flow.
The portal venous space can be corrected in an exactly similar manner. The calculated values of V n /V t and F a /F t given in Table 3 are plotted in Figure 3 . The value of the total space, V t , to be used when the arterial flow or portal flow was reduced to zero was taken as the average value of V t measured in the other determinations. This approach was adopted as there was no clear flow rate dependence of V t over the range of flows considered. The significant fact that emerged from the graph was that the fraction of the total hepatic vascular space that was associated with the hepatic artery appeared to rise linearly as the arterial fraction of the total blood flow rose.
Regression analysis
Twenty-two isolated perfused dog livers were investigated. In some experiments the arterial flow was held constant while the portal venous flow was varied. In others the reverse procedure was adopted, and in still others the arterial and portal venous flows were varied simultaneously.
In each case a linear regression line was calculated, relating the variation of the fractional arterial vascular space to the variation in the fractional arterial flow. Table 4 shows the results of this analysis for each of the experiments performed. The regression line, of the form y = bx + a, was calculated by the method of least squares. The standard deviation from the regression line, s v . x , and the standard deviation of the slope of the line, si,, were also calculated. To investigate whether V F *The relationship between the parameters--and -^-was expressed in the Form of a linear regression line.
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the intercept of the regression line on the y-axis was significantly different from zero, the standard deviation of the predicted y (y) at x = 0 was calculated from the expression where x is the mean x and N is the number of determinations.
From a knowledge of the predicted value ofy(y) a t x = 0 and the deviation, s?, it was possible to apply Student's t-test to find whether the value of the intercept was significantly different from zero. If the intercept was greater than to.ogsj then it was considered significantly different from zero. Finally a value for the coefficient of correlation (r) was calculated for each experiment.
This analysis showed that the linear correlation between the fractional arterial space and the fractional arterial flow was very good and that the method of varying flows did not affect the linear relationship. It can also be seen that ten of the experiments that were performed predicted values of V a /V t , corresponding to F a /Ft = 0, which were significantly different from zero.
The liver was perfused by a single supply only, the hepatic artery, and the size of the hepatic arterial space was investigated. With the liver perfused in this way the parameter F a /F t was equal to one. The experimental value of (V a /V t ) F p=o was found by measuring the value of V a , with the portal flow reduced to zero and comparing the value obtained with the value of V t , the total vascular space, measured when both inflows were operative, with the liver having the same total flow as when perfused by the artery alone.
The experimental value of this parameter was compared to the value predicted by the extrapolation of the calculated regression line for each preparation. The average difference between the calculated and experimental values of (V a /V t )rp=o was .05, which is within the limit of experimental error to be expected from consideration of the standard deviation about the regression lines.
Discussion
The results obtained from the study of the arterial pressure-flow curves do not indicate any definite concavity toward the pressure axis, as reported by Condon (21) . However, the range of pressures used in the experiments was such that the relationship obtained can be considered to be in agreement with the previously reported work.
The linear relationship found between the fractional hepatic arterial space and the fractional hepatic arterial flow, which is unaffected by the method of varying the flows, is consistent with a three-compartment model of the total hepatic vascular space. On the basis of this model, the predicted intercept of the calculated regression line on the ordinate axis represents a specific fractional arterial space. This specific fractional arterial space represents the portion of the total available hepatic vascular space that is supplied solely by blood from the artery. In the reported experiments on 22 isolated perfused canine livers, 10 of the preparations gave values of the specific fractional arterial space that were significantly different from zero. The livers under investigation showed a considerable variation from one preparation to the next, and the values obtained for the specific fractional arterial space ranged from zero to 43$.
If the arterial supply was reduced to zero flow the unaltered portal venous flow would fill the fraction of the total hepatic vascular space left after the removal of the fraction specific to the hepatic artery. In most preparations, this meant that blood entering via the portal vein would fill something in excess of 90% of the total available hepatic vascular space when the arterial inflow was reduced to zero. These experiments indicate that much of the hepatic vascular bed is common to both the hepatic arterial supply and the portal venous supply.
The total hepatic vascular bed can therefore be represented by the three-compartment model discussed earlier. It consists of three regions: one supplied specifically with blood from the hepatic artery, one supplied specifically by blood from the portal vein and one supplied by blood from both sources. This common region represents a very large fraction of the total hepatic vascular space in most of the experiments reported. The major part of the hepatic vascular bed can therefore be considered as a single sink, into which blood from the hepatic artery and portal vein flows. In this region the arterial and venous blood mixes freely and the fraction of the blood in the system that has been supplied by the artery is dependent only on the relative flow rates of the two supplies. It follows that no special region of the common space can be assigned to blood entering from a specific source. It is important to note that though the three-compartment model, which reduces to the single-compartment model when the specific arterial space, a, and the specific portal space, TT, are zero, gives the best general description of the hepatic vascular bed, most of the experiments described in this paper would be adequately described by the single-compartment model, as the two specific spaces cannot be resolved from zero. This demonstrates the difficulty encountered in measuring the magnitude of the specific arterial spaces, as they frequently represented only a very small proportion of the total vascular space.
If the experiments are considered from the aspect of the specific fractional arterial space, it is seen that when the arterial supply is reduced to zero, up to 43% of the total hepatic vascular space can remain unfilled by the venous blood, though in most cases it is very much less than this. This unfilled space may then be considered specific to the arterial system.
The work published on the physical dimensions of each vascular category making up the hepatic vascular bed (22) gives the contribution of the arteries as 3.3%. In the 22 perfused canine livers analyzed, the mean "specific" arterial vascular space has been calculated as being 10% of the total hepatic vascular space. It would seem probable that in some of the experiments hepatic arterial CircsAtfWfl Research, Vol. XXlll, November 1968 tion occurred, and the overall accuracy of the determination of the specific arterial vascular space is probably not better than ± 3% of the total hepatic vascular space. The results presented therefore support the idea that the hepatic arterial vascular bed and the portal venous vascular bed in the perfused canine liver are normally common, except for a small percent of the system which would represent the main arterial input tract and possibly the arterial branches feeding the biliary tracts.
In the five experiments in which the fraction of the total vascular space specific to the artery occupied more than 20% of the total hepatic vascular space, the perfused liver may have been in a state of restricted circulation (23) . There is also evidence that a great expansion of the hepatic arterial bed occurs when the portal venous supply is chronically impaired (24) and the present results would support the possibility that such changes could take place. Further experiments are needed to support this suggestion quantitatively.
